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[57] ABSTRACT 
An improved straight tracking and steering control 

system is utilized to control the operation of a pair of 
hydrostatic transmissions having variable displacement 
pump and motor units which drive tracks of a vehicle. 
The control system includes a pair of variable dis 
placement pumps which are associated with the hy 
drostatic transmission motor units. If one of the tracks 
of the vehicle should tend to accelerate relative to the 
other track of the vehicle, the hydrostatic transmission 
motor unit which drives the accelerating track will 
also increase the operating speed and output of the as 
sociated control pump. This increased ?uid output is 
detected by a comparator which effects a variation in 
the displacement of the pump and/or motor units of 
the accelerating hydrostatic transmission to equalize 
the output speeds of the hydrostatic transmissions. 
Steering of the vehicle is effected by decreasing the 
displacement of one of the control pumps relative to 
the other control pump. For example, to turn the vehi 
cle toward the left, the displacement of the control 
pump associated with the right hand track and hydro 
static transmission is decreased. The comparator will 
then sense the relatively high output from the left 
hand control pump and effect a reduction in the out 
put speed of the left hand hydrostatic transmission. 

28 Claims, 6 Drawing Figures 

20 



PATENTEDW 51974 3,795,107 

SHEEI 1 OF 4 

20 

/ 

q r .J _ _. 

L/O Z20 1: 

FIG! ‘ 



3.795.107 PATENTEDI'MR 51574 

SHEET 2 0F 4 

NQE 





3,795,107 PATENTED "AR 5 I975 
SHEET R [If 4 

mm! 



3,795,107 
1 

I-IYDROSTATIC TRANSMISSION AND CONTROL 
SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to a new and improved 
apparatus for controlling the operation of a pair of hy 
drostatic transmissions and more speci?cally to im 
proved straight tracking and/or steering controls. 
A known straight tracking control system includes a 

pair of ?xed displacement control pumps which are 
driven by hydrostatic transmission motor units. A vari~ 
ation in the speed of one of the motor units relative to 
the other motor unit increased the output of the asso 
ciated pump. This increased ?uid output effects actua 
tion of a valve to direct working ?uid from one of the 
motors to the other motor in an effort to equalize the 
output speeds of the motors in the manner described in 
U.S. Pat. No. 3,355,886. It should be noted that these 
straight tracking controls are ineffective to vary the dis 
placement of the hydrostatic transmission pumps and 
motor units and cannot be used to steer a vehicle. 
Another known control system (see U.S. Pat. No. 

3,2l7,822) is effective to vary the displacement of a 
motor unit of an associated hydrostatic transmission to 
effect straight tracking and steering control functions. 
This control system includes a summing differential 
which is driven by the output shafts of a pair of hydro 
static transmission motor units. Upon an increase in the 
output speed of one of the motor units relative to the 
other, a single ?xed displacement pump is driven by the 
summing differential to actuate a control valve and 
vary the displacement of the associated hydrostatic 
transmission motor unit. A steering lever is moved to 
operate the valve and effect a change in the displace 
ment of one of the transmission motor units to steer the 
vehicle. 
Another control system is described in U.S. Pat. No. 

3,085,403 and includes a control or comparator valve 
which is exposed to the ?uid pressure output of a pair 
of control pumps which are driven by hydrostatic trans 
mission motor units. When the output speed of one of 
the hydrostatic transmission units exceeds the output 
speed of the other hydrostatic transmission unit, the 
comparator valve increases the quantity of working 
?uid directed to one of the motor units and decreases 
the quantity of working ?uid directed to the other 
motor unit. A steering control valve is selectively oper 
able to ‘effect operation of the comparator valve to 
thereby steer the associated vehicle. This known con» 
trol system cannot vary the displacement of the hydro 
static transmission pump and/or motor units to effect 
either straight tracking or steering functions. 

SUMMARY OF THE PRESENT INVENTION 

The present invention provides a straight tracking 
and/or steering control system which is utilized in asso 
ciation with a pair of hydrostatic transmissions. The 
straight tracking and/or steering control system in 
cludes a pair of variable displacement control pumps 
each of which is driven by a motor unit of an associated 
one of the hydrostatic transmissions. 
When one of the hydrostatic transmissions tends to 

accelerate relative to the other, the ?uid output from 
the associated control pump increases relative to the 
other control pump. This increase in ?uid output is de 
tected by a comparator valve which effects operation 
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2 
of a pump and/or motor actuator assembly to decrease 
the output speed of the accelerating hydrostatic trans 
mission. When the comparator valve is operated with 
the pump unit of the faster hydrostatic transmission 
fully swashed and the motor unit at least partially 
swashed, the displacement of the motor unit is in 
creased to a maximum displacement and then the dis 
placement of the pump unit is reduced to effect the de 
sired reduction in the output speed of the hydrostatic 
transmission. 
When the vehicle is to be turned, the displacmeent of 

one of the control pumps is varied so that the compara 
tor valve senses an apparent overspeeding of one of the 
hydrostatic transmissions and reduces its output speed 
to turn the vehicle. For example to turn the vehicle 
toward the left, the displacement of the control pump 
associated with the right hand hydrostatic transmission 
is decreased. Decreasing displacement of the right 
hand control pump causes the comparator valve to de 
tect that the left hand control pump has a higher ?uid 
output than the right hand control pump. Upon detect 
ing this condition, the comparator valve ports control 
fluid pressure to effect a reduction in the output speed 
of the left hand hydrostatic transmission. 
Accordingly, it is an object of this invention to pro 

vide a new and improved straight tracking and/or steer 
ing control system for controlling the operation of a 
pair of hydrostatic transmissions. 
Another object of this invention is to provide a new 

and improved straight tracking and steering control 
system for controlling the operation of a pair of hydro 
static transmission units and wherein the control sys 
tem includes ?rst and second control pumps each of 
which has a fluid output characteristic which varies as 
a function of variations in the output speed of an asso 
ciated one of the hydrostatic transmission units, 
straight tracking controls for effecting a variation in the 
output speed of one of the hydrostatic transmission 
units relative to the output speed of the other hydro 
static transmission unit in response to a variation in the 
?uid output characteristic of one of the pumps relative 
to the fluid output characteristic of the other pump, 
and steering controls for varying the ?uid output char 
acteristic of one of the control pumps to effect a varia 
tion in the output speed of one of the hydrostatic trans 
mission units. 
Another object of this invention is to provide a new - 

and improved straight tracking control system which 
includes a pair of control pumps and a pair of motors 
which are operable to vary the output speeds of a pair 
of hydrostatic transmission units in response to a varia 
tion in a ?uid output characteristic of one of the con 
trol pumps relative to a ?uid output characteristic of 
the other control pump. 
Another object of this invention is to provide a new 

and improved apparatus for controlling the operation 
of a pair of hydrostatic transmissions having variable 
displacement pump and motor units wherein the appa 
ratus includes a control device which detects a varia 
tion in the output speed of one of the hydrostatic trans 
missions relative to the output speed of the other hy 
drostatic transmission and thereupon effect a variation 
in the displacement of the pump and motor units of one 
of the hydrostatic transmissions to change the output 
speed of this hydrostatic transmission relative to the 
output speed of the other hydrostatic transmission. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and features of the 
present invention will become more apparent upon a 
consideration of the following description taken in con 
nection with the accompanying drawings wherein: 
FIG. 1 is a schematic illustration depicting the rela 

tionship between pump and motor units of a pair of hy 
drostatic transmissions and a control system con 
structed in accordance with the present invention; 
FIG. 2 is an enlarged schematic illustration depicting 

the relationship between the control system and the 
motor units of the two hydrostatic transmissions of 
FIG. 1, the control system being shown in a forward 0p 
erated condition with a left hand hydrostatic transmis 
sion motor unit operating at a greater speed than a right 
hand hydrostatic transmission motor unit; 
FIG. 3 is a fragmentary schematic illustration depict~ 

ing a portion of the control system of FIG. 2 with the 
right hand hydrostatic transmission motor unit operat 
ing at a greater speed than the left hand hydrostatic 
transmission motor unit; 
FIG. 4 is a schematic illustration, similar to FIG. 2, 

depicting the control apparatus with the hydrostatic 
transmission motor units operating in the reverse direc 
tion and with the left hand hydrostatic transmission 
motor unit operating at a greater speed than the right 
hand hydrostatic transmission motor unit; 
FIG. 5 (on sheet 3 of the drawings) is a schematic il 

lustration, similar to FIG. 3, depicting the condition of 
the control apparatus when the hydrostatic transmis 
sion motor units are operating in the reverse direction 
with the right hand hydrostatic motor unit operating at 
a higher speed than the left hand hydrostatic motor 
unit; and 

FIG. 6 is an enlarged schematic illustration depicting 
one control pump of a pair of control pumps utilized in 
the control system of FIGS. 2-5. 

DESCRIPTION OF ONE EMBODIMENT OF THE 
INVENTION 

GENERAL ARRANGEMENT 

An improved steering and/or straight tracking con 
trol system 10 constructed in accordance with the pres 
ent invention is illustrated in FIG. 1 in association with 
a pair of hydrostatic transmissions 12 and 14 which are 
utilized to drive left and right hand tracks 16 and 18 of 
a vehicle 20. The hydrostatic transmissions l2 and 14 
are of known construction and include variable dis 
placement pump units 24 and 26 which supply ?uid 
under pressure through hydrostatic loops, indicated 
schematically 28 and 30, to variable displacement 
motor units 32 and 34 having rotatable output shafts 36 
and 38 which are connected with the tracks 16 and 18. 
Double acting pump controller or actuator assemblies 
42 and 44 are operable to increase the effective dis 
placement of the pump units 24 and 26 to increase the 
rate at which ?uid is conducted through the hydrostatic 
loops 28 and 30 and the speed of rotation of the motor 
output shafts 36 and 38. After the pump units 24 and 
26 have been fully swashed, double acting motor con 
troller or actuator assemblies 46 and 48 are operated 
to deswashed or decrease the displacement of the 
motor units 32 and 34 to effect a further increase in the 
speed at which the output shafts 36 and 38 are rotated. 
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4 
To initate operation of the vehicle 20, an engine or ‘ 

other prime mover (not shown) is started to drive input 
shafts 52 and S4 of the pump units 24 and 26. At this 
time the pump units 24 and 26 have a minimum dis 
placement and are ineffective to supply working ?uid 
through the hydrostatic loops 28 and 30 to the motor 
units 32 and 34. A charge pump 56 supplies ?uid under 
pressure from a reservoir 58 through a conduit 60 to a 
speed control valve 62. 
Forward movement of the vehicle 20 is initiated by 

operating the speed control valve 62. Forward opera 
tion of the speed control valve 62 ports high pressure 
control ?uid through conduits 64 and 66 to move slid 
able valve spools 68 and 70 of selector or rectifying 
valves 72 and 74 to the forward actuated positions of 
of FIG. 1. This enables control fluid to ?ow from con 
duits 64 and 66, through conduits 78 and 80, selector 
valves 72 and 74, and conduits 82 and 84 to the pump 
actuator assemblies 42 and 44. In addition, the high 
pressure control ?uid is conducted from the selector 
valves 72 and 74 to the motor actuator assemblies 46 
and 48 through conduits 88, 90, 9'2 and 94 (this ?uid 
?ow is indicated by the solid line arrows in FIG. 1). The 
speed control valve 62 is of the pressure regulator type 
disclosed in US. Pat. No. 3,540,220 and enables the 
?uid pressure conducted to the pump and motor actua 
tor assemblies 42,44,46 and 48 to increase as a func 
tion of the extent to which the speed control valve 62 
is operated. ‘ 

Assuming that the speed control valve 62 is operated 
to a sufficient extent, the control fluid pressure con 
ducted to the pump actuator assemblies 42 and 44 acti 
vates them to move the swashplates of the pump units 
24 and 26 to their maximum displacement conditions 
against the in?uence of suitable biasing springs. There 
after, a continued rise in the ?uid pressure conducted 
from the speed control valve 62 results in the motor ac 
tuator assemblies 46 and 48 being operated against the 
in?uence of biasing springs which are somewhat stiffer 
than the biasing springs in the pump actuator assem 
blies 42 and 44. Operation of the motor actuator as 
semblies 46 and 48 reduces the effective displacement 
of the motor units 32 and 34. 
The pump and motor actuator assemblies 42, 44, 46 

and 48 are of the double acting type and ?uid is ex 
hausted from them as they are operated under the in 
?uence of control ?uid from the speed control valve 
62. Thus, exhaust ?uid (indicated by dashed arrows in 
FIG. 1) is conducted from the pump actuator assem 
blies 42 and 44 through conduits 100 and 102 to the ac 
tuated selector valves 72 and 74 which port the exhaust 
?uid to conduits 104 and 106. The conduits 104 and 
106 are exhausted to the control system 10 which is 
connected with the drain 58 by a conduit 110. The 
motor actuator assemblies 46 and 48 are also of the 
double acting type so that their operation causes fluid 
to be exhausted through conduits 112 and 114 to the 
conduits 104 and 106 leading to the control system 10. 

When the vehicle 20 is to be moved in a reverse di 
rection, the speed control valve 62 is actuated to port 
control fluid to the selector or rectifying valves 72 and 
74 through conduits 118 and 120. This ?uid causes the 
valve spools 68 and 70 to move downwardly (as viewd 
in FIG. 1) to enable a high pressure control ?uid to 
?ow from branch conduits 122 and 124 through the se 
lector valves to the conduits 100 and 102 leading to the 



3,795,107 
5 

pump actuator assemblies 42 and 44 to thereby effect 
operation of the actuator assemblies in their reverse di 
rection. In addition, this high pressure control ?uid is 
conducted from the selector valves 72 and 74 to the 
motor actuator assemblies 46 and 48 by the conduits 
90 and 94 to effect operation of the motor actuator as 
semblies 46 and 48 after the pump actuator assemblies 
42 and 44 have been fully operated. During reverse 
operation of the pump and motor actuator assemblies 
42, 44, 46 and 48, fluid is exhausted to the conduits 
104 and 106 leading to the control system 10 in a man~ 
ner similar to that previously explained in connection 
with forward operation of the actuator assemblies. 
The construction of the pump and motor actuator as 

semblies 42, 44, 46 and 48 and their interrelationship 
with the selector valves 72 and 74 and speed control 
valve 62 is generally similar to that described in US. 
application Ser. No. 248,685, ?led Apr. 28, 1972 by 
Edward .I. Bojas and Harold R. Ward and entitled Hy 
drostatic Transmission Drive System. However, it 
should be noted that the motor actuator assemblies 46 
and 48 are double acting rather than being single acting 
as described in the Bojas and Ward application. In ad 
dition, the selector valves 72 and 74 connect the pump 
and motor actuator assemblies 42, 44, 46 and 48 with 
the exhaust conduits 104 and 106 in a manner which 
is somewhat different than in the forementioned appli 
cation. 

STRAIGHT TRACKING 

The straight tracking and/or steering control system 
10 is operable to prevent undesired turning of the vehi~ 
cle 20 from a straight path during either forward or re 
verse operation of the vehicle. In addition, the control 
system 10 may be selectively actuated to effect a de 
sired turning of the vehicle toward either the right or 
the left. Although the control system 10 is advanta— 
geously used as a combined straight tracking and steer 
ing control system, it is contemplated that under cer— 
tain circumstances the control system 10 may be used 
as only a straight tracking control to prevent undesired 
turning of the vehicle. 

If the rotational speed of one of the motor output 
shafts 36 or 38 exceeds the speed of the other output 
shaft during movement of the vehicle 20 along a 
straight path, the control system 10 varies the displace 
ment of the pump and/or motor unit of the faster hy 
drostatic transmission to equalize the rotational speeds 
of the output shafts 36 and 38. This enables the vehicle 
20 to follow a straight path without excessive deviation 
due to the variations in the traction encountered by one 
of the tracks 16 or 18. The control system 10 accom 
plishes this by producing a hydraulic signal of a magni 
tude which is a function of the difference in the output 
speeds of the motor units 32 and 34. This hydraulic sig 
nal is utilized to effect a slowing of the speed of the 
faster motor unit 32 or 34 to match the slower motor 
unit. 

The control system 10 includes a pair of variable dis 
placement control pumps 130 and 132. The pump 130 
is driven by the motor unit 32 at a speed which is di 
rectly proportional to the rotational speed of the output 
shaft 36. Similarly, the control pump 132 is driven by 
the motor unit 34 at a speed which is directly propor 
tional to the rotational speed of the output shaft 38. 
The two control pumps 130 and 132 are intercon 

nected by a ?uid circuit 136 so that the ?uid discharged 
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6 
from the pump 130 flows through conduits 138 and 
140 to the control pump 132 and ?uid from the control 
pump 132 ?ows through conduits 142 and 144 to the 
control pump 130 to form a hydraulic loop between the 
two control pumps 130 and 132. Fluid at drain or base 
pressure is supplied to the hydraulic loop between the 
control pumps 130 and 132 through check valves 146 
and 148 to maintain the fluid circuit 136 charged. A 
pair of relief ‘valves 149 and 150 prevent the formation 
of excessive pressure in the fluid circuit 136. 
When the vehicle 20 is proceeding along a straight 

path and the two output shafts 36 and 38 are rotating 
at the same speed, the pumps 131) and 132 have equal 
displacements. The ?uid output from the pump 130 to 
the conduits 138 and 140 is then equal to the ?uid out 
put from the pump 132 to the conduits 142 and 144. 
Therefore, the rate of ?uid ?ow and the pressure in the 
conduits 138 and 141) is equal to the rate of ?uid ?ow 
and pressure in the conduits 142 and 144. Since the 
?uid pressure in the circuit 136 was initially equal to 
drain pressure, operation of the two equal displace 
ment pumps 130 and 132 at the same speed results in 
the pressure circuit remaining at substantially drain 
pressure even though the pumps are effective to pro 
vide a substantial flow of ?uid through the circuit. This 
is because the ?uid intake and discharge rate of the 
pump 130 is equal to the fluid intake and discharge rate 
of the pump 132. 

If one of the tracks 16 or 18 should accelerate rela 
tive to the other track, due to differences in traction or 
other causes, the speed of rotation of one of the output 
shafts 36 or 38 will increase relative to the other output 
shaft. For example, if the vehicle 20 is proceeding 
straight ahead and track 16 encounters a slippery or 
low traction condition, the reduced resistance to move 
ment enables the motor unit 32 to accelerate the out 
put shaft 36 and track 16 relative to the output shaft 38 
and track 18 which are driven by the motor unit 34. 
Since the control pump 130 is driven by the motor unit 
32 at a speed which is directly proportional to the rota 
tional speed of the output shaft 36, the increase in the 
speed at which the motor unit 32 drives the output 
shaft 36 results in the pump 130 being driven at a 
higher speed than the pump 132. Of course, this will re 
sult in the pump 130 discharging ?uid into the conduits 
138 and 140 at a greater rate than which the pump 132 
takes the fluid and discharges it into the conduits 142 
and 144. 
The increased flow rate from the pump 131) results in 

a higher pressure being present in the conduits 138 and 
140 than is present in the conduits 142 and 144. The 
amount by which the ?uid pressure in the conduits 138 
and 140 exceeds the ?uid pressure in the conduits 142 
and 144 is a direct function of the amount by which the 
rotational speed of the output shaft 36 and operating 
speed of the pump 130 exceeds the rotational speed of 
the output shaft 38 operating speed of the pump 132. 

The ?uid pressure in the conduits 138 and 144 is 
monitored by a comparator valve 154 which is con 
nected in ?uid communication with the conduits 138 
and 140 by conduit 156 and is connected in fluid com 
munication with the conduits 142 and 144 by conduit 
158. When the discharge rate of the pump 130 exceeds 
the discharge rate of the pump 132 and a relatively high 
pressure is present in the conduits 138 and 140, this 
high pressure is transmitted to the comparator valve 
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154 and moves a valve spool 162 to the right hand actu 
ated position of FIG. 2. Similarly, when the discharge 
rate of the pump 132 exceeds the discharge rate of the 
pump 130, the relatively high pressure in the conduits 
142 and 144 is transmitted to the comparator valve 154 
by the conduit 158 to shift the valve spool 162 to the 
left hand actuated position shown in FIG. 3. 
The comparator valve 154 ports control ?uid to ei 

ther the conduit 104 or the conduit 106 to effect a re 
duction in the output speed of one of the associated hy 
drostatic transmissions 12 or 14. Thus as the track 16 
begins to accelerate relative to the track 18, the in 
creased fluid flow from the pump 130 increases the 
pressure in the conduits 138 and 156 and shifts the 
valve spool 162 to the actuated position of FIG. 2. 
Fluid under pressure is then ported from the compara 
tor valve 154 to a directional valve 168 which in turn 
ports ?uid to the exhaust line 104 leading to the pump 
and motor actuator assemblies 42, 46 (see FIG. I). 

If the motor actuator assembly 46 had previously 
been operated to move the swashplate of the motor 32 
from its maximum displacement position toward its 
minimum displacement position, the increased ?uid 
pressure in the conduit 104 will assist the biasing spring 
in the double acting motor assembly 46 to effect move 
ment of the motor swashplate back toward its maxi 
mum displacement condition. Of course, increasing the 
displacement of the motor 32 decreases the rotational 
speed of the output shaft 36. 

If the output speed of hydrostatic transmission 12 
was relatively low, the swashplate of the motor 32 
would be in its maximum displacement condition and 
the motor actuator assembly would be in an unactuated 
condition. Under these conditions, the conduit 104 
would transmit the increased fluid pressure to the 
pump actuator assembly 42 through the selector valve 
72 and conduit 100 (see FIG. 1) to effect operation of 
the pump actuator assembly 42 to move the swashplate 
of the pump unit 24 toward its minimum displacement 
condition. Of course, this would effect a reduction in 
the fluid output from the pump unit 24 and a reduction 
speed of the output shaft 36. 
At certain operating speeds the pump actuator as 

sembly 42 is fully operated and the motor actuator as 
sembly 46 is operated to a relatively small extent. 
Under these circumstances, the increased ?uid pres 
sure in the conduit 104 effects operation of the motor 
actuator assembly 46 to return the swashplate of the 
motor unit 32 to its maximum displacement condition. 
The fluid pressure then effects operation of the pump 
actuator assembly 42 to move the swashplate of the 
pump unit 24 toward its minimum displacement condi~ 
tion. It should be noted that the relatively stiff biasing 
spring in the motor actuator 46 and relatively weak bi 
asing spring in the pump actuator assembly 42 results 
in a sequential operation of the pump and motor actua 
tor assembly in a reverse order to the sequence in 
which they were operated as the vehicle 20 was 
brought up to speed. The relationship between the bias 
ing springs in the pump and motor actuator assemblies 
and the construction of a suitable double acting actua 
tor assembly is more fully described in the aforemen 
tioned Bojas and Ward application. 

If when the vehicle 20 is proceeding along a straight 
path the track 18 encounters a slippery or low traction 
condition so that the right hand motor unit 34 and out 
put shaft 38 are accelerated relative to the motor unit 

10 

20 

25 

35 

40 

45 

50 

60 

65 

8 
32 and output shaft 36, the operating speed of the 
pump 132 will exceed the operating speed of the pump. 
This results in an increase in the ?uid pressure in the 
conduits 142 and 144 so that the comparator valve 
spool 162 is moved to the left hand actuated position 
of FIG. 3. Fluid is then ported from the direction valve 
168 to the exhaust conduit 106 leading to the pump ac 
tuator assembly 44 and motor actuator assembly 48 of 
the hydrostatic transmission 14. 
The increased ?uid pressure in the conduit 106 ef~ 

fects operation of the double acting pump and motor 
actuator assemblies 44 and 48 in the manner previously 
explained in connection with the hydrostatic transmis 
sion 12 to reduce the rotational speed of the output 
shaft 38. Thus, the increased ?uid pressure in the con 
duit 106 is transmitted to the conduit 114 and effects 
operation of the motor actuator assembly 48 to de 
swash the motor unit 34 to its maximum displacement 
condition. The increased ?uid pressure in conduit 106 
is also transmitted through the selector valve 74 and 
conduit 102 to the pump actuator assembly 44 (FIG. 
1). After the motor unit 34 is deswashed, the ?uid pres 
sure in the line 106 effects operation of the pump actu 
ator assembly 44 to move the swashplate of the pump 
unit 26 from its maximum displacement position 
toward its minimum displacement position. Of course, 
if the output speed of the hydrostatic transmission 14 
was relatively low and the motor actuator assembly 48 
was initially in its unactuated condition, only the pump 
actuator assembly 44 would be operated in response to 
the increase in ?uid pressure in the conduit 106. It 
should be noted that the biasing springs in the pump 
and motor actuator assemblies 44 and 48 result in the 
sequential operation of the actuator assemblies in the 
manner previously explained in connection with the hy 
drostatic transmission 12. 
The comparator and direction valves 154 and 168 

cooperate to port fluid to the proper one of the two 
conduits 104 or 106 depending upon which of the out 
put shafts 36 or 38 is being rotated at the higher speed. 
Thus, when the rotational speed of the output shaft 36 
and operating speed of the pump 130 is exceeding the 
rotational speed of the shaft 38 and the operating speed 
of the pump 32, the valve spool 162 is moved to the 
right hand actuated position shown in FIG. 2 to con 
nect the conduit 156 in ?uid communication with a 
passage 174 and chamber 178 in which a directional 
valve spool 180 is disposed. The control fluid from the 
conduit 174 ?ows through a central passage 182 within 
the valve spool 180 to the conduit 104. 
When the output speed of the shaft 38 and opera 

tional speed of the motor 132 exceeds the output speed 
of the shaft 36 and operational speed of the motor 130, 
the valve spool 162 in the comparator 154 is shifted to 
the left hand actuated position shown in FIG. 3 under 
the influence of pressure conducted through the con 
duit 158. Fluid pressure is then transmitted to the di 
rectional valve 168 through a passage 186. The passage 
186 is connected in ?uid communication with the pas 
sage 106 by the annular space between adjacent lands 
190 and 192 on the directional valve spool 180. 
When the vehicle 20 is being operated in the reverse 

direction, the direction of rotation of the output shafts 
36 and 38 and operation of the pumps 130 and 132 is 
reversed from that of the forward direction. Thus, dur 
ing forward operation of the vehicle 28 fluid from the 
pump 130 ?ows through the conduits 138 and 140 to 
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the pump 132. However, during reverse operation of 
the vehicle 20 ?uid from the pump 130 ?ows through 
the conduits 144 and 142 to the pump 132. During this 
reversal of ?uid ?ow in the circuit 136, the directional 
valve 168 is shifted from the position shown in FIG. 2 
to the position shown in FIG. 4 upon operation of the 
speed control valve 62 (see FIG. 1) from a forward ac 
tuated condition to a reverse actuated condition. To 
enable high pressure ?uid from the comparator valve 
154 to effect a reduction in the output speed of the hy 
drostatic transmission 12 when the operating speed of 
pump 130 exceeds the operating speed of pump 132 
during reverse operation, the directional valve 168 is 
actuated to port high pressure ?uid from the pump 130 
and comparator valve 154 to the conduit 104 and the 
pump and motor actuator assemblies 42 and 46 for the 
hydrostatic transmission 12. When the operating speed 
of the pump 132 exceeds the operating speed of the 
pump 130, high pressure ?uid is ported from the com 
parator valve 154 to the directional valve 168 and con 
duit 106 (see FIG. 5). 
The directional valve spool 180 is shifted from the 

position shown in FIG. 2 to the position shown in FIG. 
4 upon operation of the speed control valve 62 (see 
FIG. 1) from a forward actuated condition to a reverse 
actuated condition. Thus, when the vehicle 20 is mov 
ing in a forward direction high pressure ?uid is con 
ducted through a conduit 198 to one end of the direc~ 
tional valve chamber 178 which the other end of the 
valve chamber is connected with drain through a con 
duit 200 (see FIG. 2). When the speed control valve 62 
is actuated to effect reverse operation of the vehicle 20, 
high pressure ?uid is conducted through the conduit 
200 to the direction valve chamber 178 and the conduit 
198 is connected with drain. This reuslts in the valve 
spool 180 being shifted to the reverse actuated position 
shown in FIG. 4. 
When the valve spool 180 is in the reverse actuated 

position and the rotational speed of the output shaft 36 
and operational speed of the pump 130 exceeds the ro 
tational speed of the output shaft 38 and operational 
speed of the pump 132, the relatively high ?uid pres 
sure in the conduits 144 and 158 shifts the comparator 
valve spool 162 to the left hand operated position of 
FIG. 4. High pressure ?uid is then conducted from the 
conduit 158 through the passage 186 to the directional 
valve chamber 178. The high pressure ?uid passes be 
tween the lands 190 and 192 and enters the passage 
104 to effect actuation of the motor actuator assembly 
46 and/or the pump actuator assembly 42 in the man 
ner previously explained in connection with forward 
operation of the hydrostatic transmission 12. 
When the rotational speed of the output shaft 38 and 

operational speed of the pump 132 exceeds the rota 
tional speed of the output shaft 36 and operational 
speed of the pump 130 as the vehicle is moving in the 
reverse direction, the relatively high ?uid pressure in 
the conduit 10 is transmitted to the comparator valve 
154 to move the valve spool 162 to the right hand actu 
ated position of FIG. 5. The relatively high ?uid pres 
sure in the conduit 156 is transmitted through the pas 
sage 174 to the directional valve chamber 178 (FIG. 5) 
and to a branch passage 204 leading to the exhaust con 
duit 106. The increase in ?uid pressure in the exhaust 
conduit 106 effects actuation of the motor actuator as 
sembly 48 and/or pump actuator assembly 44 to re 
duce the rotational speed of the output shaft 38 in the 
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manner previously explained in connection with the 
forward operation of the hydrostatic transmission 14. 
It should be noted that during both forward and reverse 
operation of the hydrostatic transmissions l2 and 14 
the passages 104 and 106 furnction as exhaust passages 
for the double acting pump and motor actuator assem 
blies 42, 44, 46 and 48. This is because the valve spools 
68 and 70 and the selector valves 72 and 74 are shifted 
to maintain the conduits 104 and 106 as exhaust con 
duits during forward and reverse operation of the vehi 
cle 20. 

STEERING CONTROL 

The pumps 130 and 132 are of the variable displace 
ment type to enable the control system 10 to be utilized 
for both straight tracking and steering control func 
tions. Steering of the vehicle 20 is accomplished by 
changing the displacement of one of the two control 
pumps 130 and 132 so that the comparator valve 154 
senses an apparent difference in the rotational speeds 
of the output shafts 36 and 38 even through the shafts 
are being rotated at the same speed. This results in a 
correction signal being applied until one of the hydro 
static transmissions 12 or 14 change the rotational 
speed of one of the shafts 36 or 38 to cause a turning 
of the vehicle. 
'When the vehicle is to be turned, the displacement of 

one of the control pumps 130 or 132 is reduced. Since 
the pumps 130 and 132 are operating at the same 
speed, the reduction in displacement of one of the 
pumps prevents it from pumping the volume of ?uid 
discharged from the other pump. This causes a pressure 
rise to occur in one of the conduits 140 or 142 of the 
fluid circuit 136. The pressure rise enables the compar 
ator valve 154 to port ?uid to reduce the rotational 
speed of the output shaft 36 or 38 associated with the 
pump 130 or 132 having the larger displacement. 

If the vehicle 20 is to be turned toward the left while 
moving forward, a suitable control 220 is actuated to 
reduce the displacement of the right hand control 
pump 132 (see FIG. 2). Since the pumps 130 and 132 
are both of the positive displacement type and are both 
being driven at the same speed, ?uid is discharged from 
the pump 130 at a greater rate than which ?uid is ac 
cepted by and discharged from the pump 132 which 
now has a reduced displacement. This results in an in 
crease in the ?uid pressure in the conduits 138 and 
140. This increased ?uid pressure in the conduit 140 
causes the valve spool 162 of the comparator valve 154 
to be moved to the right hand actuated position (FIG. 
2). Fluid pressure is then transmitted by the directional 
valve 168 to the exhaust conduit 104 to reduce the ro 
tational speed of the output shaft 36 in the manner pre 
viously explained in connection with straight tracking 
functions. Of course, the decrease in rotation speed of 
‘the output shaft 36 results in a decrease in the speed at 
which the left hand track 16 is driven so that the vehi 
cle 20 turns toward the left. 

If the vehicle 20 is to be turned toward the right, the 
displacement of the left hand control pump 130 is re 
duced by actuating a suitable control 222. The control 
pump 132 will now have a larger displacement than the 
control pump 130. Therefore, the ?uid pressure in the 
conduit 142 will tend to build up and move the valve 
spool 162 of the comparator valve 154 to the left hand 
actuated position of FIG. 3. This results in the pressure 
being transmitted through the directional valve 168 to 
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the exhaust conduit 106 to operate the pump actuator 
assembly 44 and/or the motor actuator assembly 48 to 
reduce the output speed of the hydrostatic transmission 
14 in the manner previously explained. ‘ 
During reverse operation of the vehicle 20, the steer 

ing controls 220 and 222 are actuated to effect turning 
of the vehicle in the same manner as during forward 
operation of the vehicle. For example if the vehicle is 
to be turned toward the left while moving backward, 
the displacement of the control pump 132 is reduced. 
The resulting pressure buildup in the line 142 is trans 
mitted through the comparator and directional valves 
154 and 168 to the conduit 104 to effect a reduction 
in the rotational speed of the output shaft 36. Similarly, 
the displacement of the control pump 130 is reduced 
to effect a turning of the vehicle 20 toward the right as 
the vehicle is moving in the reverse direction. 
Upon actuation of one of the steering controls 220 or 

222, the output speed of one of the tracks 16 or 18 is 
decreased by a percentage which is proportional to the 
percentage by which the displacement of one of the 
pumps 130 or 132 is decreased. Thus, if the displace 
ment of the control pump 130 is decreased by 50 per 
cent due to actuation of the controls 222, a 50 percent 
reduction will be effected in the rotational speed of the 
output shaft 38 and speed at which the track 18 is 
driven by the hydrostatic transmission 14. A spin turn 
is effected by going past neutral to full swash in the op 
posite direction. _ 

The control pumps 130 and 132 are the positive act 
ing variable displacement type. Although any type of 
control pump having these characteristics could be uti 
lized, in one speci?c embodiment of the invention the 
control pumps I30 and 132 were of the axial piston 
(FIG. 6). The control pump 130 includes a barrel or 
body 230 which is rotated by an input shaft 232. The 
shaft 232 is connected with and driven by motor unit 
32 of the hydrostatic transmission 12. Upon rotation of 
the input shaft 232 and barrel 230, pistons 236 are re 
ciprocated axially relative to the barrel by a movable 
swashplate 238. 
During forward rotation of the shaft 232, reciproca 

tions of the pistons 236 cause ?uid to be drawn into 
working chambers in the barrel 230 through the con 
duit 138 and to be discharged from the working cham 
bers through a conduit 144. Of course during reverse 
rotation of the input shaft 232, the ?uid is drawn in 
through the conduit 144 and discharged through the 
conduit 138. 
To effect a reduction in the displacement of the con 

trol pump 130, the controls 222 are operated to effect 
movement of the swashplate in a counterclockwise di 
rection from the position shown in FIG. 6. Counter 
clockwise movement of the swashplate toward a posi 
tion in which it extends perpendicular to the axis of ro 
tation of the shaft 232 reduces the effective displace 
ment of the control pump 130 in a known manner. Re 
ducing the displacement of the pump 130 decreases the 
rate at which ?uid can be accepted by the pump 
through the conduit 138 and the rate at which. the ?uid 
is discharged from the pump to the conduit 144. It 
should be noted that the pumps 130 and 132 are the 
positive action type so the volume of the ?uid ?ow is 
a function of operation speed and displacement. 

in view of the foregoing description it can be seen 
that the straight tracking and/or steering control system 
10 includes a pair of control pumps 130 and 132 which 
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provide hydraulic signals to control straight tracking of 
the vehicle 20. in addition, the displacement of the 
pumps 130 and 132 can be varied to effect steering of 
the vehicle. During both straight tracking and steering 
control operations, the pump and/or motor actuator 
assemblies for the pump and motor units of one of the 
hydrostatic transmissions are operated to vary the rota 
tional speed of the output shaft of that hydrostatic 
transmission. While it is believed to be advantageous to 
use the control system 10 as a combined steering and 
straight tracking control system, it would by under 
stood that the control system could be utilized to per 
form only straight tracking functions if desired. 
Having described a speci?c preferred embodiment of 

the invention the following is claimed: 
1. An apparatus comprising ?rst and second hydro 

static transmission units, ?rst motor means for varying 
the output speed of said first hydrostatic transmission 
unit, second motor means for varying the output speed 
of said second hydrostatic transmission unit, ?rst and 
second pumps each of which is driven by an associated 
one of said hydrostatic transmission units and each hav 
ing a fluid output characteristic which varies as a func 
tion of variations in the output speed of the associated 
one of said hydrostatic transmission units, comparator 
means for comparing the ?uid output characteristics of 
said ?rst and second pumps and for effecting operation 
of at least one of said motor means in response to a 
change in the ?uid output characteristics of one of said 
pumps relative to the fluid output characteristic of the 
other of said pumps to thereby effect a change in the 
output speed of at least one of said hydrostatic trans 
mission units, said comparator means including valve 
means for porting ?uid from said pumps to said motor 
means to effect operation of said motor means. 

2. An apparatus comprising ?rst and second hydro 
static transmission units, ?rst motor means for varying 
the output speed of said ?rst hydrostatic transmission 
unit, second motor means for varying the output speed 
of said second hydrostatic transmission unit, ?rst and 
second pumps each of which is driven by an associated 
one of said hydrostatic transmission units and each hav 
ing a fluid output characteristic which varies as a func 
tion of variations in the output speed of the associated 
one of said hydrostatic transmission units, comparator 
means for comparing the ?uid output characteristics of 
said ?rst and second pumps and for effecting operation 
of at least one of said motor means in response to a 
change in the ?uid output characteristics of one of said 
pumps relative to the ?uid output characteristic of the 
other of said pumps to thereby effect a change in the 
output speed of at least one of said hydrostatic units, 
said comparator means including valve means operable 
between a ?rst condition porting ?uid from said ?rst 
pump to said ?rst motor means and a second condition 
porting ?uid from said second pump to said second 
motor means and means for effecting operation of said 
valve means to said ?rst condition in response to a 
change in the ?uid output characteristic of said ?rst 
pump relative to the fluid output characteristic of said 
second pump and for effecting operation of said valve 
means to said second condition in response to a change 
in the fluid output characteristic of said second pump 
relative to the ?uid output characteristic of said ?rst 
pump. 

3. An apparatus as set forth in claim 1 further includ 
ing speed control means for effecting simultaneous 
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operation of said ?rst and second motor means to vary 
the output speeds of said ?rst and second pumps. 

4. An apparatus as set forth in claim 1 further includ 
ing ?rst conduit means for conducting ?uid from said 
?rst pump to said second pump and second conduit 
means for conducting ?uid ?ow from said second pump 
to said ?rst pump, said valve means being operable 
from a ?rst condition to a second condition in response 
to a variation in the rate at which ?uid is discharged 
from one of said pump means into one of said conduit 
means relative to the rate at which ?uid is discharged 
from the other of said pump means into the other of 
said conduit means. 

5. An apparatus as set forth in claim 2 further includ 
ing speed control valve means for porting fluid under 
pressure to said ?rst and second motor means to simul 
taneously vary the output speeds of said ?rst and sec 
ond hydrostatic transmission units. 

6. An apparatus as set forth in claim 5 further includ 
ing steering control means for selectively varying the 
?uid output characteristic of one of said pumps relative 
to the ?uid output characteristic of the other of said 
pumps to effect a change in the output speed of one of 
said hydrostatic transmission units relative to the out~ 
put speed of the other hydrostatic transmission unit. 

7. An apparatus comprising a ?rst hydrostatic trans 
mission having a pump unit connected in ?uid commu 
nication with a motor unit which is operable to rotate 
a ?rst output member, ?rst actuator means for varying 
the displacement of one of said units of said ?rst hydro 
static transmission to vary the speed of rotation of said 
?rst output member, a second hydrostatic transmission 
having a pump unit connected in ?uid communication 
with a motor unit which is operable to rotate a second 
output member, second actuator means for varying the 
displacement of one of said units of said secondhydro 
static transmission to vary the speed of rotation of said 
second output member, a ?rst variable displacement 
pump driven by the motor unit of said ?rst hydrostatic 
transmission at a speed which varies with variations in 
the speed of rotation of said ?rst output member, a sec 
ond variable displacement pump driven by the motor 
unit of said second hydrostatic transmission at a speed 
which varies with variations in the speed of rotation of 
said second output member, conduit means for con 
ducting at least a portion of a ?ow of ?uid discharged 
from said ?rst variable displacement pump to said sec 
ond variable displacement pump and for conducting at 
least a portion of a ?ow of ?uid discharged from said 
second variable displacement pump to said ?rst vari 
able displacement pump, first control means for detect 
ing a variation in the rate at which ?uid is discharged 
from one of said variable displacement pumps relative 
to the rate at which ?uid is discharged from the other 
of said variable displacement pumps, for effecting acti 
vation of said ?rst actuator means to vary the displace 
ment of one of said units of said ?rst hydrostatic trans 
mission in response to detection of a change in the rate 
at which ?uid is discharged from said ?rst variable dis 
placement pump relative to the rate at which ?uid is 
discharged from said second variable displacement 
pump, and for effecting activation of said second actua 
tor means to vary the displacement of one of said units 
of said second hydrostatic transmission in response to 
detection of a change in the rate at which ?uid is dis 
charged from said second variable displacement pump 
relative to the rate at which ?uid is discharged from 
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said ?rst variable displacement pump, and second con 
trol means for varying the displacement of said first 
variable displacement pump relative to the displace 
ment of said second variable displacement pump and 
for varying the displacement of said second variable 
displacement pump relative to the displacement of said 
?rst variable displacement pump to change the rate at 
which ?uid is discharged from at least one ofv said vari 
able displacement pumps. 

8. An apparatus as set forth in claim 7 further includ 
ing speed control means for effecting simultaneous ac 
tivation of said ?rst and second actuator means to vary 
the displacement of units of said ?rst and second hy 
drostatic transmissions by substantially equal amounts. 

9. An apparatus as set forth in claim 7 wherein said 
?rst and second actuator means are operable to vary 
the displacement of said motor units of said ?rst and 
second hydrostatic transmissions, said apparatus fur 
ther including third actuator means for varying the dis 
placement of said pump unit of said ?rst hydrostatic 
transmission and fourth actuator means for varying the 
displacement of said pump unit of said second hydro 
static transmission, said ?rst control means being oper 
able to effect activation of third and fourth actuator 
means to enable said ?rst control means to effect a var 
iation in the displacements of the pump and motor 
units of at least one of said hydrostatic transmissions in 
response to detection of a variation in the rate at which 
fluid is discharged from one of said variable displace 
ment pumps relative to the rate at which ?uid is dis-, 
charged from the other of said variable displacement 
pumps. 
v-l0. An apparatus as set forth in claim 9 wherein said 

?rst and second actuator means are effective to initiate 
a change in the displacement of said motor units of said 
?rst and second hydrostatic transmissions prior to initi 
ation of a change in the displacement of said pump 
units by said third and fourth actuator means upon de 
tection by said ?rst control means of a variation in the 
rate at which ?uid is discharged from one of said vari 
able displacement pumps with said ?rst, second, third 
and fourth actuator means in an operated condition. 

11. An apparatus comprising a ?rst hydrostatic trans 
mission having a variable displacement pump unit con 
nected in ?uid communication with a variable displace 
ment motor unit which is operable to rotate a ?rst out 
put member, ?rst actuator means for varying the dis 
placement of said pump unit of said ?rst hydrostatic 
transmission, second actuator means for varying the 
displacement of said motor unit of said ?rst hydrostatic 
transmission, a second hydrostatic transmission having 
a pump unit connected in ?uid communication with a 
motor unit which is operable to rotate a second output 
member; and control means for detecting a variation in 
the speed at which one of said output members is ro 
tated relative to the other of said output members dur 
ing operation of said ?rst and second hydrostatic trans 
missions, and for effecting operation of said ?rst and 
second actuator means to vary the displacement of said 
pump and motor units of said ?rst hydrostatic transmisé 
sion in response to detection of a variation in the speed 
at which one of said output members is rotated relative 
to the other of said output members when said ?rst and 
second actuator means are in an operated condition. 

12. An apparatus as set forth in claim 1 1 wherein said 
control means is operable to effect initial operation of 
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said second actuator means to vary the displacement of 
said motor unit of said ?rst hydrostatic transmission 
prior to effecting initial operation of said ?rst actuator 
means to vary the displacement of said pump unit of 
said ?rst hydrostatic transmission. 

13. An apparatus as set forth in claim 1 I wherein said 
control means includes ?rst and second pumps each of 
which is driven by an associated one of said motor units 
and each having a ?uid output characteristic which var 
ies as a function of variations in the speed of rotation 
of the output member of theassociated one of said 
motor units, and means for detecting a change in the 
?uid output characteristic of one of said pumps relative 
to the other to thereby detect a variation in the speed 
at which one of said output members is rotated relative 
to the other of said output members. 

14. An apparatus as set forth in claim 13 further in 
cluding means for varying the displacement of one of 
said pumps to change the fluid output characteristic of 
said one of said pumps. 

15. An apparatus as set forth in claim 11 further in 
cluding third actuator means for varying the displace 
ment of said pump unit of said second hydrostatic 
transmission, and fourth actuator means for varying the 
displacement of said motor unit of said second hydro~ 
static transmission, said control means being operable 
to effect operation of said third and fourth actuator 
means to vary the displacement of said pump and 
motor units of said second hydrostatic transmission in 
response to detection of a variation in the speed at 
which one of said output members is rotated relative to 
the other of said output members when said third and 
fourth actuator means are in an operated condition. 

16. An apparatus as set forth in claim 15 further in 
cluding speed control valve means for effecting opera 
tion of said ?rst, second, third and fourth actuator 
means to simultaneously vary the speeds at which said 
?rst and second output members are rotated by said 
motor units. 

17. An apparatus as set forth in claim 1 1 wherein said 
control means includes ?rst and second pumps each of 
which is driven by an associated one of said motor units 
and each having a ?uid output characteristic which var» 
ies as a function of variations in the speed at which the 
associated one of said motor units rotates the asso 
ciated one of said output members, ?rst means for ef 
fecting a variation in the output speed of said ?rst hy 
drostatic transmission relative to the output speed of 
said second hydrostatic transmission in response to a 
variation in the ?uid output characteristic of one of 
said pumps relative to the ?uid output characteristic of 
the other of said pumps, and second means for selec 
tively varying the ?uid output characteristic of at least 
one of said pumps to initiate operation of said ?rst 
means to vary the output speed of said ?rst hydrostatic 
transmission. 

18. Anapparatus as set forth in claim 17 wherein said 
second means includes means for varying the displace 
ment of one of said pumps to change the fluid output 
characteristic of said one of said pumps. 

19. An apparatus as set forth in claim 17 wherein said 
?rst and second pumps are of the variable displacement 
type and said second means includes means for varying 
the displacement of said first and second pumps. 
20. An apparatus as set forth in claim 17 wherein said 

?rst actuator means includes ?uid motor means con 
nected with said pump unit of said ?rst hydrostatic 
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transmission for varying the displacement of said pump 
unit of said ?rst hydrostatic transmission,‘ said ?rst 
means including comparator means for comparing the 
fluid output characteristics of said ?rst and second 
pumps and for effecting operation of said ?uid motor 
means in response to a variation in the ?uid output 
characteristic of one of said pumps relative to the other 
of said pumps. 

21. An apparatus as set forth in claim 17 further in 
cluding ?rst conduit means for conducting ?uid from 
said ?rst pump to said second pump and second con~ 
duit means for conducting ?uid from said second pump 
to said ?rst pump, said ?rst means being operable to ef 
fect operation of at least one of said actuator means to 
change the displacement of at least one of said units of 
said ?rst hydrostatic transmission in response to a 
change in the rate at which fluid from said ?rst pump 
enters said ?rst conduit means relative to the rate at 
which ?uid from said second pump enters said second 
?uid conduit means. 

22. An apparatus as set forth in claim 21 wherein said 
second means includes means for varying the displace 
ment of said ?rst pump to vary the rate at which ?uid 
enters said ?rst conduit means from said ?rst pump. 

23. An apparatus as set forth in claim 17 wherein said 
?rst actuator means includes ?rst ?uid motor means for 
varying the displacement of said pump unit of said ?rst 
hydrostatic transmission, said second actuator means 
includes second ?uid motor means for varying the dis 
placement of said motor unit of said ?rst hydrostatic 
transmission, and means for effecting operation of at 
least one of said ?uid motor means in response to a 
change in the ?uid output characteristic of one of said 
?rst and second pumps. 

24. An apparatus comprising a ?rst hydrostatic trans 
mission, said ?rst hydrostatic transmission including a 
?rst pump unit, a ?rst motor unit which is operable to 
rotate a ?rst output member, and ?rst ?uid conduit 
means for conducting working ?uid under pressure 
from said ?rst pump unit to said ?rst motor unit and for 
conducting fluid from said ?rst motor unit to said ?rst 
pump unit, ?rst ?uid pressure responsive actuator 
means for varying the displacement of at least one of 
said units of said ?rst hydrostatic transmission in re 
sponse to a change in control fluid pressure to vary the 
speed of rotation of said first output member, a second 
hydrostatic transmission, said second hydrostatic 
transmission including a second pump unit, a second 
motor unit which is operable to rotate a second output 
member, and second ?uid conduit means for conduct 
ing working ?uid under pressure from said second 
pump unit to said second motor unit and for conduct 
ing ?uid from said second motor unit to said second 
pump unit, second ?uid pressure responsive actuator 
means for varying the displacement of at least one of 
said units of said second hydrostatic transmission in re 
sponse to a change in control ?uid pressure to vary the 
speed of rotation of said second output member, pres 
sure controller means for varying the control ?uid pres 
sure conducted to said ?rst and second actuator means 
independently of said ?rst and second ?uid conduit 
means and as a function of the extent of operation of 
said pressure controller means from an initial condi 
tion, a ?rst pump driven by said ?rst motor unit at a 
speed which varies with variations in the speed of rota 
tion of said ?rst output member, a second pump driven 
by said second motor unit of said second hydrostatic 
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transmission at a speed which varies with variations in 
the speed of rotation of said second output member, 
and ?rst control means for detecting a variation in the 
rate at which ?uid is discharged from one of said pumps 
relative to the rate at which ?uid is discharged from the 
other of said pumps, for porting ?uid pressure to said 
?rst actuator means to effect operation of said ?rst ac 
tuator means to vary the displacement of at least one 
of said units of said ?rst hydrostatic transmission in re 
sponse to detection of a change in the rate at which 
fluid is discharged from said ?rst pump relative to the 
rate at which ?uid is discharged from said second pump 
while maintaining the extent of operation of said pres 
sure controller means from the initial condition sub 
stantially constant, and for porting ?uid pressure to 
said second actuator means to effect operation of said 
second actuator means to vary the displacement of at 
least one of said units of said second hydrostatic trans 
mission in response to detection of a change in the rate 
at which ?uid is discharged from said second pump rel 
ative to the rate at which ?uid is discharged from said 
?rst pump while maintaining the extent of operation of 
said pressure controller means from the initial condi 
tion substantially constant. 

25. An apparatus as set forth in claim 24 wherein said 
first actuator means includes ?rst pressure responsive 
motor means for varying the displacement of said ?rst 
pump unit and said second actuator means includes 
second pressure responsive motor means for varying 
the displacement of said second pump unit, said appa 
ratus further including third ?uid conduit means for 
conducting ?uid pressure from said ?rst control means 
to said first pressure responsive motor means upon de 
tection of a change in the rate at which ?uid is dis 
charged from said ?rst pump relative to the rate at 
which ?uid is discharged from said second pump, and 
fourth ?uid conduit means for conducting ?uid pres 
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sure from said first control means to said second pres 
sure responsive motor means upon detection of a 
change in the rate at which ?uid is discharged from 
said second pump relative to the rate at which ?uid is 
discharged from said ?rst pump. 

26. An apparatus as set forth in claim 25 wherein said 
?rst actuator means further includes third pressure re 
sponsive motor means for varying the displacement of 
said ?rst motor unit and said second actuator means 
further includes fourth pressure responsive motor 
means for varying the displacement of said second 
motor unit, said third ?uid conduit means including 
means for conducting ?uid pressure to said third pres 
sure responsive motor means upon detection of a 
change in the rate at which ?uid is discharged from said 
?rst pump relative to the rate at which ?uid is dis 
charged from said second pump, and said fourth ?uid 
conduit means including means for conducting ?uid 
pressure to said fourth pressure responsive motor 
means upon detection of a change in the rate at which 
?uid is discharged from said second pump relative to 
the rate at which ?uid is discharged from said ?rst 
pump. 

27. An apparatus as set forth in claim 26 further in 
cluding ?fth ?uid conduit means for conducting at least 
a portion of a ?ow of ?uid discharged from said ?rst 
pump to said second pump and for conducting at least 
a portion of a ?ow of ?uid discharged from said second 
pump to said ?rst pump. 

28. An apparatus as set forth in claim 24 further in 
cluding second control means for varying the displace 
ment of at least one of said pumps relative to the dis 
placement of the other of said pumps to change the rate 
at which ?uid is discharged from the one pump relative 
to the rate at which ?uid is discharged from the other 
pump. 

***** 
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